In this work, NiO was prepared by calcining nickel oxalate and it was used to remove six different kinds of dye from aqueous solution. The experimental results showed that NiO exhibited selective and excellent removal adsorption capacity towards acid orange 7 (AO7), indigo disulfonate (ID) and Congo red (CR) which were anionic dyes that contain a negatively charged sulfonic group (-SO 3 -) but no adsorption selectivity for the binary anionic dye system. The effects of influential parameters, including contact time, initial solution pH, and temperature, on the adsorption capacities towards AO7 and ID were systematically investigated. The adsorption process is spontaneous and exothermic for AO7, but endothermic for ID. The pseudo-second-order kinetic model and the Langmuir isotherm model well described the adsorption process. The maximum adsorption capacities were 178.57 and 227.27 mg/g for AO7 and ID under ambient temperature (25 ± 1 C), respectively. The experimental and characterization results revealed that the excellent removal capacities towards AO7 and ID by NiO may result from the electrostatic attraction between Ni 2þ and -SO 3 -. Finally, the promising result proves that NiO also has a great adsorption potential for actual wastewater.
INTRODUCTION
Dye wastewater is continuously generated by industries such as textile, papermaking, carpets, rubbers, paint, printing, pharmaceutical, food, cosmetic industries and so on.
It is estimated that approximately 7 × 10 5 tons of dyestuff are produced per year (Rafatullah et al. ) , and 10-15% of the dyes are discharged as waste during the operations (Zhu et al. ) , which results in water pollution. Additionally, the widespread dyes in water are not only toxic to aquatic organisms, but are also carcinogenic and cause mutagenicity to humans (Ma et al. ) . Among the various physico-chemistry processes, the adsorption process is favorable in dye water pollution control because of its low cost, insensitivity to toxic substances, simplicity and ease of handling (Gürses et (Srinivasan ) , and polymerbased porous materials (Pourfarzolla ) are commonly used to treat water pollution. However, these traditional porous materials have drawbacks, such as low adsorption capacity, slow adsorption kinetics, and low selectivity (Zheng et al. ) . In order to overcome these drawbacks, the new materials are still desirable (Zhang et al. ) .
Lately, due to their excellent performance as advanced materials, metal oxide has been widely studied for dye removal (Li et al. ) , but the adsorption capacities are limited. Farrokhi et al. () 
)
. Hence, NiO also shows excellent performance of adsorption for anionic dyes, such as AO7, ID and CR. It is imperative to design highly efficient NiO adsorbents for dye removal from water. Herein, we report a facile synthesis of NiO through a low-cost calcination treatment approach, which makes the adsorption process for barely removing anionic dyes with efficiency, simple design, wide adaptability, and easy operation become promising.
Additionally, the as-obtained NiO was utilized to adsorb six kinds of organic dyes and the adsorption mechanism was investigated. The X-ray diffraction, scanning electron microscopy, Brunauer-Emmett-Teller, X-ray photoelectron spectroscopy, and Fourier transform infrared spectroscopy analysis were used to study the adsorption mechanism. The kinetic data were fitted using the pseudo-first-order, pseudosecond-order, and intra-particle diffusion models. The effects of pH and temperature on adsorption as well as the thermodynamic and adsorption equilibrium were also studied.
MATERIALS AND METHODS

Materials and reagents
All reagents and chemicals were of analytical reagent grade and were used as received without further purification. for 2 h in an air atmosphere to obtain NiO x (Ayodele et al.
).
Experimental procedures
Single dye solution
In order to investigate the adsorption capacity of NiO x towards dyes, 0.02 g of NiO x was immersed in a cone bottle (100 mL) containing 0.1 mmol/L AO7, ID, crystal violet, CR, methylene blue and rhodamine B, respectively.
The water used for the preparation of the reagents and reaction system was purified by a Milli-Q (18.25 MΩ·cm). The mixture was stirred under a constant rate for 90 min under the desired temperature and then the solution was filtered by the micro PES membrane (pore size: 0.22 μm). The samples were withdrawn from the reaction solution and the residual samples concentration in the filtered solution was determined using UV-visible spectrophotometer. Control experiments were conducted and excluded the interaction between the filter and dyes.
After saturation, regeneration experiments were carried out. First, the NiO x was washed by pumping water through the column in order to remove unadsorbed adsorbate traces. Then, the adsorbate was eluted with ethanol. The aforementioned procedure was repeated for eight consecutive regeneration cycles. 
Analytical methods
The pH values of solutions were measured by the pH-meter 
RESULTS AND DISCUSSION
Effect of the calcination temperature
The AO7 and ID adsorption effect of the NiO x synthesis at different calcination temperatures is shown in Figure 1 .
Obviously, the adsorption activity first increased and then decreased with increasing the calcination temperature of supports. Specifically, the samples at 250, 300, 350, 400 C have a large adsorption, but the sample at 200 C has little adsorption. Consequently, when the calcination temperature is 300 C, the synthetic materials show great catalytic 
property with low energy consumption and present a good application prospect.
Dye selective adsorption performance 
Figure 3 | XRD patterns of the NiO x before and after adsorption (
patterns indicate the formation of NiO and show no other diffraction peaks. Consequently, no crystal change occurs between the NiO and the other dyes during the adsorption process.
BET analysis
To characterize the textural properties of the NiO, the BET specific surface area and pore-size distribution of the NiO were determined by N 2 adsorption-desorption at -196 C.
From 
FT-IR analysis. The FT-IR spectroscopy was performed to further study the adsorption mechanism. FT-IR spectra were characterized before and after AO7 and ID adsorption.
As shown in Figure 7 , it can be inferred that the AO7 and ID molecules are adsorbed on the surface of NiO. For AO7 and ID adsorption, some of the characteristic peaks of AO7 and ID (marked with an imaginary line) are found in the AO7-loaded and ID-loaded NiO which are absent in the pristine 
Effect of pH on adsorption
At the pH range of 4.0-10.0, the effects of initial pH on the adsorption capacities of AO7 and ID onto NiO are shown in 
adsorption process. However, the above-mentioned results reveal that the pH has no effect on the adsorption activity.
On the basis of the above results, the adsorption mechanism of AO7 and ID onto the NiO surface is proposed to be electrostatic adsorption. When the virgin NiO dispersed in aqueous suspension, the NiO surface had Ni 2þ . The NiO surface Ni 2þ has a positive charge. As anionic dyes, the structures of AO7 and ID contain an -SO 3 -group. Therefore, the negatively charged -SO 3 -group of AO7 and ID would be attracted to the positively charged surface of the NiO particles through electrostatic interaction. In addition, the solution pH plays no role in that adsorption process. In order to further analyze the adsorption kinetics for removing AO7 and ID by NiO, the pseudo-first-order, pseudo-second-order, and intra-particle diffusion models were applied to fit the experimental data. The pseudo-firstorder model assumes that the adsorption rate is proportional to the difference between q e and q t (Zhang et al.
Adsorption kinetics
).
For the pseudo-second-order equation, it is considered that the sorption process is controlled by a chemical adsorption mechanism involving electron sharing or electron transfer between adsorbent and adsorbate (Zhang et al. b) . The intraparticle diffusion models which were often used to identify the possibility of intra-particle diffusion resistance affecting adsorption process is also studied (Zhang et al. ) .
Pseudo-first-order kinetic equation (Lee et al. ) :
Pseudo-second-order kinetic model (Zhang et al. ) :
Intra-particle diffusion model (Zhang et al. ) :
where q e (mg/g) and q t (mg/g) are the adsorption capacity at equilibrium and time t (min), respectively; k 1 (g/mg min), 
k 2 (g/mg min), and k id (mg/g min 0.5 ) are the rate constants of the pseudo-first-order, pseudo-second-order, and intraparticle diffusion models, respectively; C (mg/g) is the intercept of the intra-particle diffusion model.
The experimental data are fitted to the kinetics models, and the resultant parameters are listed in Table 1 . According to the analysis of correlation coefficients as shown in Table 1 , R 2 of the pseudo-second-order model are all much closer to 1.0 than other kinetics models, indicating that the pseudo-second-order equation is the most suitable one to describe the adsorption kinetics of NiO for AO7 and ID. It indicates that chemisorption is involved in adsorption.
Adsorption thermodynamics
In this study, the thermodynamic parameters of the adsorption process are obtained from experiments at various temperatures (35-60 C). The relationship between temperature and adsorption capacities of AO7 and ID on NiO is shown in Figure 9 (b). For AO7, the adsorption capacities decrease slightly with the increasing temperature, suggesting that adsorption of AO7 onto the NiO became less favorable at higher temperatures. However, for ID, the adsorption capacities increase slightly with the increasing temperature, suggesting that adsorption of ID onto the NiO became more favorable at higher temperatures (Kamari et al. ) .
The results obtained in Figure 9 (b) can be used to calculate the thermodynamic parameters (Ghaemi et al. ) .
The Gibbs free energy change (ΔG), the enthalpy change (ΔH) and the entropy change (ΔS) can be determined by the following equations:
where R (8.314 J/mol K) is the universal gas constant, T (Kelvin) is the absolute temperature, b is the isothermal adsorption constant, L/g. Plotting ln b against 1/T gives a straight line with slope and intercepts equal to ΔH/R and ΔS/R, respectively.
The values of ΔG, ΔH and ΔS are tabulated in Table 2 . 
Adsorption isotherm
For investigation on the adsorption mechanism, adsorption isotherms for AO7 and ID have been measured, since it is fundamental to describe the interactive behavior between the adsorbates and adsorbents. The dye adsorption isotherms of NiO are shown in Figure 10 (a). Two adsorption isotherm models, Langmuir (6) and Freundlich (7), were used to further describe the adsorption equilibrium. The Langmuir isotherm is mainly applied to describe the monolayer adsorption that occurred on the homogeneous surface of adsorbent (Li et al. ) . The Freundlich model is applied to describe heterogeneous surface adsorption and multilayer adsorption under various non-ideal conditions (Li et al. ) .
Langmuir isotherm model (Shao et al. ) :
Freundlich isotherm model (Huo & Yan ) :
where C e (mg/L) is the equilibrium concentration of dye solution, q m (mg/g) and K L (L/mg) are the maximum adsorption capacity and equilibrium adsorption constant for the Langmuir isotherm model, respectively. 1/n implies the degree of non-linearity between solution concentration and adsorption (Yang et al. b) .
The calculated parameters and correlation coefficients for the adsorption of AO7 and ID onto NiO are summarized in Table 3 . According to Table 3, 
Reusability of adsorbent
Since reusability of a spent adsorbent is one of the most crucial factors when assessing the cost-effectiveness of the overall processes, the regeneration of exhausted NiO was carried out. During this study, spent NiO was chemically regenerated with ethanol. Ethanol, a green solvent, can be separated from dyes after elution by the distillation process and eluted dyes can be utilized for various applications (Yusuf et al. ) . Figure 11 shows the changes of absorbance in UV spectrum and visible color of the mixed dye solutions before and after adsorption by NiO. As shown in Figure 11 The absorbance at 484 nm for AO7 also decreased significantly and the removal rate reached 80.8% (Figure 11(b) ).
Mixed dyes
It is a remarkable fact that the characteristic absorption band at 504 nm of CR after adsorption also disappeared.
These results agree well with the changes in the visible color after adsorption, especially the mixture of ID and CR solutions (Figure 11(c) ), whose color changes from purple to colorless. All the results mentioned above demonstrate the high effectiveness and no selectivity of NiO for removing AO7, ID and CR in the mixed dye solutions which are anionic dyes that contain a negatively charged sulfonic group (-SO 3 -).
Effect of water matrix
In the dyeing process, a considerable number of inorganics have been utilized as mordants or additives, which have a significant influence on wastewater treatment (Liu et al.
).
To investigate the realistic conditions, the effect of various water matrices (i.e. running water and surface water) on the removal of AO7 and ID was studied using the NiO, as shown in Figure 12 . It is observed that the surface water was used as received without further purification. As can be seen in Figure 12 , the removal efficiency of AO7 (ID) in deionized water was 86.55% (83.51%), while the removal efficiencies in the running water and surface water were 75.73% (76.69%) and 68.74% (71.30%) (within 90 min reaction), respectively.
It is universally acknowledged that there are inorganic species (e.g. bicarbonate, sulfate and chloride) in the running water and surface water for the cationic sites on the surface of the NiO. This process can limit effective adsorption of AO7 and ID. Nevertheless, even though the removal rate for AO7 (ID) dropped in the surface water sample, it also had a higher removal rate of 68.74%
(71.30%), which suggests that the inorganic species could slightly reduce but not inhibit the removal rate in natural waters. Thus, the promising result demonstrates that NiO has a great adsorption potential for actual wastewater.
CONCLUSIONS
In this study, the adsorption performances of NiO for dyes The adsorption capacity of AO7 and ID is 178.57 and 227.27 mg/g respectively under ambient temperature (25 ± 1 C). The adsorption process is spontaneous and exothermic for AO7, but endothermic for ID. Finally, NiO shows no adsorption selectivity for the binary anionic dye system and has a good adsorption potential for actual wastewater. In summary, the new and facile preparation method and pronounced adsorption properties enable NiO to be promising in the practical removal of anionic dyes from effluents and it is a promising strategy for selectivity of anionic dyes from mixed dyes.
